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Six agricultural organic wastes and three inorganic matrices were selected for rhodococci whole cells 
immobilization. The degree of immobilization of rhodococci cells varied from 6.20% to 34.30% on organic 
matrices. A high level of Rhodococcus rhodochrous CNMN-Ac-05 cells immobilization was demonstrated on 
inorganic matrices, it was from 69.25% to 97.30%. After the contact with support the strain dissociated, forming, 
in addition to original S type, rough (R) and altercolour smooth (S) types. Immobilization of rhodococci cells on 
organic supports led to the appearance of phenotypic heterogeneity from 0.34% to 3.26%. On inorganic matrices 
the variability of rhodococci was 0.88-1.05%. 
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INTRODUCTION 
Actinobacteria from the genus Rhodococcus synthesize a wide range of enzymes, 
such as dehydrogenases, peroxidases, oxygenases (Kim et al., 2018), that make 
these bacteria able to assimilate a wide range of organic compounds, among 
which are phenols, aromatic acids, esters, halogenated hydrocarbons, 
heterocyclic compounds, and synthetic polymers (Krivoruchko et al., 2019). 
Representatives of the genus Rhodococcus are used for detoxification of 
dangerous chemicals, for example polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), in bioremediation of soil contaminated with 
pesticides (Bell et al., 2018; Kitova et al., 2002; Kuyukina and Ivshina, 2010; 
Solyanikova et al., 2018; Krivoruchko et al., 2019). However, there are some 
limitations to use free cells in bioremediation, which includes substrate inhibition, 
low biodegradation rate, and cells separation from the products after catalysis 
(Willaert, 2006). Numerous biotechnological processes, such as alcoholic and 
malolactic fermentation of wine (Kourkoutas, 2010; Moreno-García et al., 2018), 
treatment of toxic pollutants in industrial wastewater (Martins et al., 2013), 
bioremediation of contaminated soil (Ivshina et al., 2013; Cubitto and Gentili, 
2015; Dzionek et al., 2016) are advantaged by immobilization techniques. In the 
course of long-term growth of microorganisms on toxic substances, the 
dissociation of microbial population, due to process of variability, occurred 
(Kolomytseva et al., 2005; Stancu, 2015; Ackermann, 2015). Numerous studies on 
the organization of microbial colonies provide evidence of the morphological and 
physiological heterogeneity of cell composition (Voloshin, 2005; Silva et al., 2012; 




cell technology can be applied for long-term stabilization remediating microorganisms (Kuyukina and Ivshina, 
2010; Krivoruchko et al., 2019).  
 This paper presents the results of estimation of phenotypic heterogeneity of the strain Rhodococcus 
rhodochrous CNMN-Ac-05, after the immobilization of whole cells on organic and inorganic matrices. 
 
MATERIALS AND METHODS 
 This strain of Rhodococcus rhodochrous CNMN-Ac-05 was deposited in the National Collection of Non-Pathogenic 
Microorganisms of the Republic of Moldova. The strain R. rhodochrous was grown under continuous aeration 
conditions on a stirrer at 180-200 rpm at 28°C, for 48 hours, on Tryptic soy (TS) broth medium (Sigma-Aldrich). R. 
rhodochrous cell mass was separated by centrifugation for 30 minutes at 5000 rpm and washed twice with NaCl 
solution (0.8%). 
 The R. rhodochrous biomass was determined on the spectrophotometer by the optical density OD 540 of 
rhodococci cell suspensions, with subsequent recalculation of the dry mass of the cells according to the calibration 
curve. The dry biomass of R. rhodochrous was determined by gravimetric method, by drying at 105°C. 
 Six organic and three inorganic matrices were selected for rhodococci whole cells immobilization. There were 
agricultural organic wastes: sunflower husk, pumpkin husk, pistachio shells, common walnut shells, peanut shells, 
and hazelnuts shells. Inorganic support materials were: bentonite, diatomite, and kieselguhr. Organic substrates 
were crushed, sifted through sieve No. 0.5 and washed until clear water was obtained. All materials were washed 
with distilled water in three repeats and passed through deionized water the same in three repeats. The supports 
were dried in an oven for 2-3 hours at 80-90°C to set up the constant weight. A 1.0 g sample was placed in a 250 ml 
Erlenmeyer flask, then the supports were sterilized at 1 atm for 15 minutes. 
 In order to immobilize rhodococci cells, Knapp buffer was used with the following composition g/L: K2HPO4 – 
1.0; KH2PO4 – 1.0; MgSO4 × 7H2O – 0.04; FeCl3 × 6H2O – 0.004, pH – 6.7. R. rhodochrous whole cells, 150 mg, and 50 
ml of Knapp buffer were added to a 250 ml Erlenmeyer flask with 1 g of sterile support. In other flask, only Knapp 
buffer was added, without the addition of cells. Flasks were placed under continuous aeration conditions on shaking 
180-200 rpm for 20 minutes, t = 24°C, then placed in the refrigerator for 16-20 hours (Kitova et al., 2002). The 
content of the flasks was filtered through a capron filter. The support on the filter was washed three times with 
Knapp buffer, 50 ml for each wash. The filtrate was poured into a volumetric flask, adjusted to 250 ml with Knapp 
buffer. 
 The amount of immobilized cells was spectrophotometrically estimated, by measuring the OD 540 optical 
density of the liquid medium before and after immobilization, and by quantifying the number of viable bacterial 
cells (colony forming units, CFU) inoculated on TS agar medium before and after immobilization. 
 The morphological features of the rhodococci colonies were described according to method (Papacostea, 1976) 
using a magnifying glass (8-fold magnification). 
 Statistical analysis was performed using MS Excel. All results were expressed as mean of three individual 
replicates ± CI (confidence intervals). All differences were considered significant at P<0.05. 
 
RESULTS AND DISCUSSIONS    
Agricultural wastes have become alternative support materials for cell immobilization because they are 
environmentally friendly, locally available and cheaper than synthetic polymers. Researchers indicated successful 
use of various agricultural residues to immobilize microbial cells for bioremediation purpose (Cubitto and Gentili, 
2015; Dzionek et al., 2016).  
On the organic matrices the degree of immobilization of rhodococci cells varied from 6.20% (sunflower seed 
husk) to 34.30% (peanut shell) (Figure 1). 
Silicon-containing inorganic carriers were chosen as supporting matrix due to their characteristics, such as 
insoluble in water, high ion exchange ability, inexpensive, wide particle surface, easily activated, rigid, stable and 
non-toxic (Yandri et al., 2018).  
On inorganic supports the degree of immobilization was 69.25% – bentonite, 74.76% – diatomite, and 97.30% 
on kieselguhr (Figure 2).  
R. rhodochrous cells, grown on TS agar medium, formed colonies of a similar smooth shape, that had a 
homogeneous pink colour and slightly glistering surface (Goodfellow and Alderson, 1977; Goodfellow and 
Maldonado, 2006). This features of colonies correspond to basic morphological type S. After the contact with 
support, in the process of immobilization, the strain dissociated, forming original smooth (S), rough (R) and 
altercolour smooth (Sa) types (Figure 3). 
Immobilization of rhodococci cells on organic supports led to the appearance of phenotypic heterogeneity, the 
frequency of dissociation was from 0.34% (hazelnut shell) to 3.26% (pistachio shell) (Figure 4).  
 
The cells contact with the husks of pumpkin and sunflower seeds was reflected in the appearance of R type, the 
variability was 1.38% and 0.83%, respectively (Figure 5). After the Rhodococcus cells were immobilized on the 









Figure 2. The immobilization efficiency of the inorganic matrices after the adsorption of R. 
rhodochrous CNMN-Ac-05 cells 
 
After the contact of R. rhodochrous cells with silicon-containing inorganic carriers, the frequency of dissociation 
was 0.88% (bentonite), 0.94% (diatomite), and 1.05% (kieselguhr) (Figure 6).  
The appearance of R type was noted, and, in the case of diatomite and kieselguhr, the strain also formed white 
altercolour Sa type of colonies (Figure 7). 
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Figure 3. The types of colonies formed by the strain R. rhodochrous CNMN-Ac-05 after the contact 
























A high level of R. rhodochrous cells immobilization was obtained on inorganic matrices. Kieselguhr demonstrated 
the highest adsorbent quality, providing the immobilization efficiency of 97.30%.  
Immobilization of rhodococci cells on organic and inorganic matrices led to the appearance of phenotypic 
heterogeneity, the frequency of dissociation depended on the support material. 
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